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Abstract . —VQvctni total body water content, cuticular permeability (CP), rate of water

loss, and critical thermal maxima and minima were determined for the xylophagous

cockroach Cryplocercus pimctulatus. There was no difference between female and male

C. pimctulatus for any of the measured variables. Mean percent total body water was 75%
and cuticular permeability was 44.1 jugcm - h ' mmHg '. Critical thermal temperatures

were 40.3°C and -7.8°C for maxima and minima, respectively. The CP of C. punctulatus

was similar to that of closely related blattid cockroaches and two sympatric termite species.

Critical thermal temperatures were not similar to those of related taxa.
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The primitive xylophagous cockroach,

Cryplocercus punclutatus Scudder (Dic-

tyoptera: Cryptocercidae), inhabits moist

decaying hard and soft wood in the southern

and northwestern United States. This species

is considered an example of the close phy-

logenetic relationship between the cock-

roaches and termites (Comwell 1 968). Both

groups have cellulose digesting gut protozoa

and similar proventricular and genital mor-

phology (McKittrick 1964). Within the

Blattaria, C punctulatus is most closely re-

lated to the Blattidae, the family that con-

tains the pest genera Blalla and Periplanela.

Not only do C punctulatus consume
wood, but they live in small social groups

within wood. Colony galleries consist of

networks of horizontal shafts, smaller trans-

verse shafts, and enlarged arena-like areas

(Nalepa 1 984). The logs containing colonies

are quite damp, containing up to 80%mois-

ture by weight (Appel pers. comm.). These

cockroaches are primarily found in their

galleries, but occasionally occur in the soil

and leaf litter near decaying wood. Thus, C.

punctulatus lives in a moist environment,

buffered from rapid humidity and temper-

ature changes.

The purpose of this study was to examine

aspects of the water relations and temper-

ature tolerance of C. punctulatus and to

compare these parameters with those of

closely related cockroaches and termites.

Materials and Methods

Specimens of C punctulatus were ob-

tained 7 March 1987 and 12 January 1988

from decaying logs in Cleburne Co., Ala-

bama, off U.S. 431, 2.8 km SE of the Cle-

burne-Calhoun Co. line (G. W. Folkerts,



154 PROCEEDINGSOFTHE ENTOMOLOGICALSOCIETY OFWASHINGTON

Department of Zoology and Wildlife Sci-

ence, Auburn University, pers. comm.).

Adults, nymphs, and wood were returned

to the laboratory for study.

Water relations experiments.— The water

content, cuticular permeability (CP), and

percent of total body water (% TBW) lost

over time was determined gravimctrically

with a digital balance (0.01 mg sensitivity)

(Appel et al. 1983, Mack and Appel 1986).

Percent TBWwas calculated as the differ-

ence between the initial mass of live spec-

imens and their mass after drying, divided

by the initial live mass multiplied by 100.

Dry mass was determined after the speci-

mens were dried at ca. 50°C for at least three

days or until two successive weighings did

not differ >0.01 mg.

CPwas calculated as the Mg of water lost

per unit surface area (cm') per unit time (h)

per unit saturation deficit (mm Hg) in a des-

iccator chamber. Individual cockroaches

were placed in uncovered 30-ml plastic cups

that were put into an 1
1 -liter desiccator jar

maintained at 30 ± 0.1°C and 0-2% RH.
The conditions in the desiccator were mon-
itored with a Cole-Parmer LCDDigital Hy-
grometer (Model 3309-50). The hygrometer

sensor was positioned at the same height in

the desiccator as the specimens. Surface area

was estimated for each specimen by Meeh's

formula: S = 1 2 • M ', where S = surface area

(cm) and M = initial mass (g) (Edney and
McFarlane 1974). Mass losses were mea-

sured at 2, 4, 6, 8, 10, and 24 h, but cuticular

permeability was only calculated from 2

h-data. Preliminary experiments showed no
significant difference in the amount of water

lost by live and HCN-killed cockroaches at

2 h. Therefore, 2-h respiratory water was
less than the sensitivity of the balance (0.01

mg) and cuticular permeability could be cal-

culated from live cockroaches without com-
plications of respirator\' mass losses. Hourly

mass loss and %TBWwas used to calculate

%TBWlost over time.

Temperature relations experiments.—

Critical thermal maxima (CTMax) and

minima (CTMin) were defined as the upper
or lower temperatures, respectively, that in-

duced reversible knock-down when tem-

peratures were rapidly increased (CTMax)
or decreased (CTMin) at l°C/minand 100%
RH. Adult female and male C. punctulatus

were used for CTMax and CTMin experi-

ments. To determine CTMax, a 1 30-ml glass

jar containing about 120 ml of water was
sealed with a metal lid and placed into a

0.45-liter glass jar. A 5. 5-cm-diameter plas-

tic petri dish bottom containing a mois-

tened disk of Whatman No. 2 filter paper

was placed on top of the inner jar and 65
ml of water added to the space between the

two jars. One cockroach was placed in the

petri dish and the 0.45-liter jar was sealed

with a metal lid and band. A small hole was
cut in the center of the lid and a copper-

constantan thermocouple (0.74-mm diam-
eter) connected to a digital thermometer
(Sensortek BAT- 12) was threaded through

the hole to contact the bottom of the petri

dish. The thermocouple wire was attached

to a 1 5-cm wooden applicator to ease ma-
nipulation. Body temperature and response

to probing were determined by gently

touching the thermocouple to the mem-
brane between the cockroaches' meso- and
mctathoracic coxae. The jar-probe appa-

ratus was placed on a hot plate that was
adjusted to increase the temperature inside

the apparatus at l°C/min. Cockroaches were

judged as knocked down when they lost co-

ordination and the ability to right them-
selves. Recovery was assessed after 1 min
at 22.8°C.

CTMin were measured in a covered 5.5-

cm-diameter plastic petri dish containing a

moistened disk of filter paper. A small hole

was cut in the petri dish cover to allow ac-

cess of the same thermocouple and probe

as used for the CTMax determinations. A
chill table was used as the cooling device

and a constant rate of l°C/min decline in

temperature was maintained by varying the

height of the petri dish above the chill table.

Temperatures were measured as above, but
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knock down was defined as the lack of leg

movement when probed. Recovery was as-

sessed after 15 min at 22.3°C. Leg move-

ment was used in CTMin experiments be-

cause chilled cockroaches were not always

immobilized on their dorsum as with

CTMax.
Statistical analysis.— A completely ran-

domized design and a Student's /-test (SAS

Institute 1982) were used to determine sig-

nificant differences in initial mass. %TBW,
and cuticular permeability between sexes.

Regression was used to determine if cuti-

cular permeability was related to initial live

mass or %TBW, and how %TBWloss was

related to time. Data are expressed as means

± SE. Completely randomized designs with

sex as the factors were used for CTMaxand

CTMin. Student's /-tests (P < 0.05) were

used to determine significance. Data are ex-

pressed as means ± SE.

Results and Discussion

Masses of C. punctidaim nymphs and

adults ranged from 133.9 to 876.31 mg for

second instars and adults, respectively.

There was no difference between the masses

of aduU females (829.76 ± 15.78 mg) and

males (78 1 .83 ± 1 7.93 mg). All stages con-

tained about 75% TBWand there was no

difference between the %TBWof adult fe-

males and males (Table 1). Edney (1977)

summarized the %TBWof a variety of ar-

thropods (45-92% TBW) and Appel et al.

(1983) reported a range of 62.7 to 71.8%

TBWfor ten cockroach species. The more
primitive blattid species generally had
greater %TBWthan blattellid or blaberid

species. Although the significance of %TBW
is unknown, the close phylogenetic rela-

tionship of C. punclulalus with the blattids

may relate to the similarity of % TBW
among these species. In addition, the %TBW
of two sympatric termite species, the For-

mosan subterranean termite, Coptotermes

formosanus Shiraki and the eastern subter-

ranean termite, Reticiditermes jlaxipes Rol-

ler (both Rhinotermitidae), ranged from 62.3

Fig. 1 . Cumulative %TBWlost by female (O) and

male (•) Cryptocercus punctulams during desiccation

at 30°C and 0-2% RH.

to 75.9 (Sponsler and Appel unpublished

data).

Percent TBWloss of female (F = 32,502. 1

,

P = 0.0001) and male (F = 2340.1, P =

0.0001) C. puiiclulatiis increased linearly

with desiccation time (Fig. 1 ). There was a

significant difference between the rate of %
TBWloss (slope ±2 SE) of female and male

C. punctiilatus. This difference in rate prob-

ably resulted in the significant difference in

24-h mortality (Table 1 ). The greater mean
mass of females, approximately 120 mg or

90 mg of water, accounts for the observed

difference in desiccation-induced mortality.

Linear rates of %TBWloss have been re-

ported for cockroaches (Appel et al. 1983),

termites (Sponsler and Appel unpublished

data), and other insects (Mack and Appel

1986, Macketal. 1988).

Cuticular permeability determines the rate

of water loss. There was no relationship be-

tween the CP of female or male C. punc-

tiilatus and initial mass (F = 0.12; df = 1;

P = 0.74 and F = 0.00; df = \\ P = 0.99,

respectively). Similarly, there was no rela-

tionship between CPand %TBWfor males

(F = 1.92; df = \: P = 0.20). The CP of

females, however, declined linearly (F =

6.47; df = 1; Z' = 0.03) with %TBW(CP =

-0.91 %TBW+ 1 1 1.69; r' = 0.45). Appel

et al. (1986) found that water loss of adult

male Periplaneta fuliginosa (Serville) was
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Table 1 . Initial masses, percent total body water (% TBW), cuticula permeability, and mortality of female

and male C. punclulatus [x ± SE; n = 20].

Sex
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of C. punctulatus ranged from -10.0 to

-7.1°C. In addition. C. punctulatus remain

active at -5.0 to 0°C (Appel unpublished

data). Preliminary studies with P. ameri-

catia and B. ohentalis indicated that the

CTMin of these cockroaches was much
higher (ca. 1 0°C) than that of C. punctulatus.

Differences in temperature tolerance be-

tween C. punctulatus and sympatric ter-

mites are likely due to differences in micro-

habitats. Cryptocercus punctulatus live in

moist, fallen, partially buried logs in dense

forests (Seelinger and Seelinger 1983, Na-

lepa 1984). These logs provide a habitat in-

sulated by moisture. With leaf littered soil

as a heat-sink, these logs maintain lower

than ambient temperatures (Appel unpub-

lished data). During hot spells, evaporation

cools the logs. It is also possible that the

cockroaches move to preferred cooler lo-

cations within their extensive galleries.

Rhinotermitid termites, however, usually

maintain soil contact even when they forage

on surface debris. Since most colonies are

located well below the soil surface (and frost

line) and are composed of thousands of met-

abolically active individuals, these termites

are probably exposed to more constant,

warm temperatures than are log inhabiting

C. punctulatus.

Similar CPs among C. punctulatus. blat-

tid cockroaches, and termites may reflect

their similar high-humidity habitats or close

phylogenetic relationships. The interstitial

spaces in wood or soil containing > 1 7%
moisture are at saturated humidity and do

not contribute to significant body water loss.

Since all of these groups inhabit moist areas,

it is not surprising that they all have similar

CPs. Our results concur with the conclu-

sions of Appel et al. (1983) that, in cock-

roaches, CP is related to habitat moisture

and temperature sensitivity is related to

habitat temperature.
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